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Abstract
Background

The use of proton pump inhibitor (PPI) for gastroesophageal varices in patients with cirrhosis after
endoscopic therapy remains controversial. This study aimed to evaluate the effect of PPI on
gastroesophageal varices in patients with cirrhosis after endoscopic therapy, including variceal bleeding
and adverse events.

Methods

Between May 2017 and June 2019, cirrhotic patients with gastroesophageal varices con�rmed by
endoscopy were considered for enrollment in this study. Eligible subjects were randomized into two
groups: one group received PPI for 14 days and the other group did not undergo PPI treatment. Patients
were followed up for 8 weeks.

Results

During the follow-up period, three patients (3/53, 5.66%) in the PPI group experienced variceal bleeding on
day 9, 16, and 25 after endoscopic therapy, including one patient with primary prophylaxis and two with
acute bleeding. In the non-PPI group, three patients (3/56, 5.66%) suffered from variceal bleeding on day
7, 42, and 56 after endoscopic therapy, including two patients with secondary prophylaxis and one with
acute bleeding (P>0.99). The rate of adverse events was similar between the two groups (38% vs. 28%,
P=0.30). Furthermore, the average hospitalization expense of patients in the PPI group was higher than
that of patients in the non-PPI group ($2305 vs. $3096, P<0.001).

Conclusions

PPI does not appear to reduce variceal bleeding and adverse events in patients with cirrhosis after
endoscopic therapy.

Trial registration: This trial was registered with ClinicalTrials.gov (NCT 03175731, 05/06/2017).

Background
Gastroesophageal varices (GEVs) are one of the most common complications of cirrhosis. GEVs present
in 30–40% cases of compensated cirrhosis, and up to 48–85% cases of decompensated cirrhosis[1]. As
the disease progresses, GEVs develop into life-threatening variceal bleeding. According to previous
reports, the annual incidence of variceal bleeding is 10–15%, with a six-week mortality rate of
approximately 20%[2, 3]. Furthermore, without endoscopic therapy, rebleeding occurs at a rate of 60% after
initial bleeding, with a mortality rate up to 33%[4].
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Currently, conventional management of GEVs include endoscopic therapy (such as endoscopic variceal
ligation [EVL] and endoscopic tissue adhesive [ETA]), and pharmacologic therapy (including the use of
vasoconstrictors)[5–7]. However, the effects of proton pump inhibitor (PPI) on GEVs in patients with
cirrhosis after endoscopic therapy remain controversial. PPI has been con�rmed effective in treating non-
variceal upper gastrointestinal bleeding by stimulating platelet aggregation and �brin clot formation and
inactivating pepsin by suppressing the gastric acid secretion [8–10]. However, it is controversial if such
effects can be extended for GEVs in patients with cirrhosis, in which the pathology and location of lesions
differ signi�cantly. Moreover, there is no direct evidence showing that PPI can directly affect portal
pressure.

Previous retrospective studies have shown that PPI could reduce bleeding risk after prophylactic EVL[11,

12]. In a retrospective study by Jang et al., it was suggested that PPI may delay rebleeding in patients with
cirrhosis after therapeutic endoscopy (n = 16)[13]. However, in several studies, no signi�cant differences
were observed in the rates of bleeding and mortality after endoscopic intervention between patients who
received PPI and patients who did not[14–16]. According to the Chinese Medical Association practice
guidance, PPI has been suggested as an adjuvant treatment after endoscopic therapy for improving
hemostasis and reducing early rebleeding after endoscopic therapy[17]. However, it should be noted that
the updated UK guidelines do not recommend the use of PPI for cirrhosis with GEVs after endoscopic
therapy (prophylactic or therapeutic), unless patients present with peptic ulcer disease[18]. Thus, there is
insu�cient evidence to demonstrate the effects of PPI on GEVs in patients with cirrhosis after
endoscopic therapy. However, as an effective gastric acid inhibitor, PPI is commonly used for GEVs in
patients with cirrhosis, especially in cases with acute variceal bleeding[19]. A retrospective study showed
that more than 80.2% of patients with cirrhosis and GEVs received acid suppression treatment[20]. To
avoid potential abuse and use PPI reasonably, this study aimed to evaluate the effects of PPI on GEVs in
patients with cirrhosis, including variceal bleeding and adverse events after endoscopic therapy.

Patients And Methods

Patients selection
Between May 2017 and June 2019, cirrhotic patients with GEVs were considered for enrollment in this
study. The following inclusion criteria were applied: (1) age ≥ 18 years; (2) cirrhosis was diagnosed based
on clinical, laboratory, and radiological parameters and/or liver biopsy; (3) GEVs were diagnosed by
endoscopy. The exclusion criteria were as follows: (1) acute gastrointestinal bleeding requiring
emergency surgery; (2) acid-related disease, such as peptic ulcer disease or gastroesophageal re�ux
diseases; (3) hepatocellular carcinoma or other malignant tumor; (4) history of surgery of the esophagus,
stomach or liver; (5) Child–Pugh grade C disease that cannot be improved to grade A or B; (6) preparing
to be pregnant, pregnant, or breast feeding; (7) PPI allergies; and 8) missing informed consent.

Randomization and masking
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Randomization was performed after GEVs were con�rmed by endoscopy. Eligible patients were
randomized into PPI and non-PPI groups in a 1:1 ratio using a computer-generated list of random
numbers. The numbers were written on papers placed in sealed and opaque envelopes by an independent
research assistant. After con�rmation of GEVs by endoscopy and inclusion in this study, one envelope
was opened. The expert endoscopists were blinded to the randomization and patients data.

Procedures
An initial endoscopy was performed with endoscopic �ndings classi�ed according to the grading system
outlined in the guidelines released by Chinese Medical Association[17]. The grades (G) of esophageal
varices were classi�ed into three groups: (1) G1 lesions were straight or slightly curved without red color
signs; (2) G2 lesions were straight or slightly curved with red color signs, or serpentine with no color signs;
(3) G3 lesions were serpentine with red color signs, beaded and nodular, or tumor-shaped with/without
red color signs.

After an initial endoscopy, endoscopic therapy was undertaken according to updated UK guidelines
(Fig. 1) [18]. EVL was conducted for all patients with esophageal varices, starting at the gastroesophageal
junction and progressing proximally every 1–2 cm in an upward spiral using a six-shooter multi-band
ligator (Cook Medical, MBL-6-F, Winston-Salem, NC, USA). ETA was performed in patients presenting with
gastric varices in the “sandwich” con�guration. The needle (Olympus, NM-200L-0521, Tokyo, Japan) was
�ushed with a 0.9% sodium chloride solution, followed by a tissue adhesive (FAL, Fuaile medical
adhesive, Beijing, China) and then 0.9% sodium chloride solution again. All participants enrolled in this
study were banded every 2 weeks; however, patients who suffered from rebleeding received rescue
EVL/ETA as soon as possible. Endoscopic therapy was performed by three expert endoscopists with
more than 10 years of relevant experience.

After endoscopic therapy, eligible patients were randomly assigned to the PPI group (received
pantoprazole 40 mg/day intravenously/orally for 14 days) or the non-PPI group (did not receive PPI
treatment).

Outcomes and follow-up
The primary endpoint was variceal bleeding, which was de�ned as hematemesis or melena from
endoscopically proven GEVs, in the absence of any other lesion that might explain the bleeding. The
secondary endpoint was adverse events, caused by endoscopic therapy and occurring within 8 weeks
after endoscopic therapy, including chest discomfort, dysphagia, and fever. Follow-up was undertaken for
8 weeks after endoscopic therapy.

Sample size calculation and statistical analysis
To calculate the sample size, the overall variceal bleeding rate after endoscopic therapy was chosen as
the primary outcome. According to published data[21], and assuming a 22% difference in the rate of
variceal bleeding between the non-PPI group (27%) and the PPI group (5%), at least 46 patients were
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required in each group to provide 90% con�dence in the results, with the upper limit of the one-sided 95%
con�dence interval (α = 0.05, β = 0.10). Moreover, assuming a �ow off rate of 10%, at least 100 patients
were required in this study.

Statistical analysis was based on the intention-to-treat principle. Quantitative variables were compared
using Student’s t-test or Mann–Whitney U-test, and the χ 2 test or Fisher’s exact test was used to compare
qualitative variables. The cumulative rate of bleeding was calculated using the Kaplan–Meier method,
and log-rank tests were performed for comparison of differences. P values < 0.05 were considered
statistically signi�cant. Statistical analyses were performed using SPSS software (version 22.0, Chicago,
IL, USA) and GraphPad Prism software (version 7.0, San Diego, CA, USA).

Results

Patient �ow and baseline characteristics
A total of 209 patients with cirrhosis and GEVs were screened. After exclusion, 106 subjects were enrolled
and randomized into this study (with 53 subjects in each group). In the PPI group, there were 12 primary
prophylactic patients, 32 secondary prophylactic patients, and nine active bleeding patients; in the non-
PPI group, there were 14 primary prophylactic patients, 30 secondary prophylactic patients, and nine
active variceal bleeding patients. One patient in the PPI group withdrew from this study for interrupting
PPI treatment, and four patients in the non-PPI group withdrew because of chest discomfort or nausea
after endoscopic therapy. Four patients in the PPI groupand three in the non-PPI group were lost to follow-
up (Fig. 2).

As shown in Table 1, the baseline characteristics of patients in two groups were comparable. Most
patients were male in both groups. The numbers of males in the PPI group and the non-PPI group were 36
(68%) and 38 (72%), respectively. Ages were 53.6 ± 10.0 years in the PPI group and 54.2 ± 10.6 years in
the non-PPI group. The most common etiology of cirrhosis was HBV infection in both groups. The
endoscopic characteristics of the two groups were comparable as shown in Table 1.
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Table 1
Baseline characteristics of two groups

Characteristic Non-PPI group (N = 53) PPI group (N = 53) P value

Age (years) 54.2 ± 10.6 53.6 ± 10.0 0.76

Sex (female: male) 15:38 17:36 0.67

Primary: Acute:
Secondary

    0.90

Primary prophylaxis 14 (26%) 12 (23%)  

Acute bleeding 9 (17%) 9 (17%)  

Secondary prophylaxis 30 (57%) 32 (60%)  

Etiology of cirrhosis     0.30

HBV 31 (58%) 27 (51%)  

HCV 0 (0%) 2 (4%)  

Alcohol 9 (17%) 9 (17%)  

Autoimmune 2 (4%) 0 (0%)  

Others 11 (21%) 15 (28%)  

Child–Pugh degree     0.59

Child–Pugh A 44 (83%) 46 (87%)  

Child–Pugh B 9 (17%) 7 (13%)  

PVT 14 (26%) 17 (32%) 0.81

Ascites 26 (49%) 23 (43%) 0.56

Encephalopathy 0 (0%) 1 (2%) 1.00

Albumin (g/L) 38.27 ± 4.38 39.14 ± 4.72 0.33

Prothrombin activity (%) 72 ± 14 71 ± 14 0.74

Creatinine (mg/dL) 64 ± 14 60 ± 12 0.16

Hemoglobin(g/L) 92.00 (80.50,120.00) 96.00 (77.50,125.50) 0.72

Platelet(*10^9/L) 78.00 (56.00,149.50) 101.00 (62.00,154.50) 0.26

TBIL (mg/dL) 17.80 (12.85,24.00) 18.30 (12.20,24.60) 0.96

PPIs, proton pump inhibitors; HBV, hepatitis B virus; HCV, hepatitis C virus; PVT, portal vein thrombosis;
TBIL, Total bilirubin; PT, Prothrombin time; INR, international Normalized Ratio; MELD, model for end-
stage liver disease; PHG, portal hypertensive gastropathy.
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Characteristic Non-PPI group (N = 53) PPI group (N = 53) P value

PT (sec) 13.70 (12.30,15.15) 13.80 (12.35,15.75) 0.77

INR 1.24 (1.14,1.38) 1.26 (1.13,1.42) 0.87

MELD score 9 (8,11) 9 (8,11) 0.97

Child–Pugh score 6 (5,6) 6 (5,6) 0.48

Esophageal varices 53 (100%) 53 (100%) 0.08

G1 7 (13%) 1 (2%)  

G2 21 (40%) 26 (49%)  

G3 25 (47%) 26 (49%)  

Gastric varices 27 (51%) 30 (57%) 0.56

Red color sign 43 (81%) 43 (81%) 1.00

PHG 28 (53%) 18 (34%) 0.05

Number of esophageal
varices

3 (2,4) 3 (3,4) 0.22

Number of bands 6 (6,7) 6 (6,11) 0.07

PPIs, proton pump inhibitors; HBV, hepatitis B virus; HCV, hepatitis C virus; PVT, portal vein thrombosis;
TBIL, Total bilirubin; PT, Prothrombin time; INR, international Normalized Ratio; MELD, model for end-
stage liver disease; PHG, portal hypertensive gastropathy.

Variceal bleeding events after endoscopic therapy
No bleeding events were observed within the �rst 48 hours after endoscopic therapy in the two groups
(Table 2). During the 8-week follow-up period, three patients (3/53, 5.66%) in the PPI group suffered
variceal bleeding on the 9th, 16th, and 25th day after endoscopic therapy; these included one primary
prophylactic patient and two acute bleeding patients. Three patients (3/53, 5.66%) in the non-PPI group
experienced variceal bleeding on the 7th, 42nd, and 56th day after endoscopic therapy; these included
two secondary prophylactic patients and one acute bleeding patient. No signi�cant differences were
observed in total bleeding events between the two groups (P > 0.99, Fig. 3).
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Table 2
Outcomes of two groups

Outcomes Non-PPI group PPI group P value

Early bleeding (within 48h) 0 (0%) 0 (0%) 1.00

Total bleeding (within 8w) 3 (3/53, 5.66%) 3 (3/53, 5.66%) 1.00

Acute bleeding 1 (1/9, 11.11%) 2 (2/9, 22.22%) 0.59

Primary prophylaxis 0 (0/14, 0.00%) 1 (1/12, 8.33%) 0.28

Secondary prophylaxis 2 (2/30, 6.67%) 0 (0/32, 0.00%) 0.14

Mortality (Acute VH) 0 (0%) 1 (1/9, 11.11%) 0.32

Blood transfusion (units) 0 (0,0) 0 (0,1.5) 0.65

Total hospital stays (days) 8 (7,11) 10 (8,11) 0.02

Cost of hospitalization (Dollars) 2305 (1886, 3015) 3096 (2323, 4156) < 0.001

Adverse event      

Total adverse events 20 (38%) 15 (28%) 0.30

Chest discomfort 14 (26%) 11 (21%) 0.72

Abdominal pain 3 (6%) 0 (0%) 0.11

Nausea or vomit 9 (17%) 5 (9%) 0.21

Dysphagia 4 (8%) 4 (8%) 1.00

Fever 0 (0%) 1 (2%) 1.00

Weak 0 (0%) 1 (2%) 1.00

Weight loss 0 (0%) 1 (2%) 1.00

The non-normal distributed measurement dates were presented as Medians (IQR, (P25, P75)).
Enumeration data are shown in number (percentage). PPIs, proton pump inhibitors; EVL, endoscopic
variceal ligation; ETA, endoscopic tissue adhesive.

Among these six rebleeding patients, four patients bled from esophageal varices, one from fundic varices,
and one rebled from post-ligation ulcers. Although bleeding events of �ve patients were managed
effectively with pharmaceutical treatments and/or endoscopic interventions, one patient with acute
variceal bleeding in the PPI group died of rebleeding on the 16th day after endoscopic therapy (P = 0.32).

Adverse events after endoscopic therapy
As shown in Table 2, adverse events were experienced in a total of 20 patients (38%) in the non-PPI group,
and 15 patients (28%) in the PPI group (P = 0.30). The most common adverse events in both groups were
chest discomfort, nausea or vomiting, and dysphagia, with no statistically signi�cant differences between



Page 9/16

groups (P = 0.30). However, it should be noted that fever, weakness, and weight loss (approximately 9
kilograms) was observed in three patients in the PPI group, whereas similar symptoms were not
experienced by any patient in the non-PPI group. All adverse events disappeared within 8 weeks after
endoscopic therapy.

Hospitalization expense and blood transfusion
The total hospital expense per patient in the PPI group vs non-PPI group was $3096 (IQR 2323, 4156)
versus $2305 (IQR 1886, 3015) (1 Chinese Yuan = 0.1421 US dollar), and this difference was statistically
signi�cant (P < 0.001). The requirement for blood transfusions was similar between the two groups (P = 
0.65).

Discussion
The �ndings of this study indicated that PPI may not reduce variceal bleeding in patients with cirrhosis
after endoscopic therapy. The rate of adverse events was also similar among patients treated with or
without PPI. Furthermore, PPI administration may be related to higher hospital costs.

These �ndings are consistent with data presented in previous studies, thereby demonstrating that there
was no signi�cant difference in the incidence of variceal bleeding and mortality (within 6 weeks) after
prophylactic or therapeutic endoscopic intervention[14, 15]. In addition, in several studies, it has been
demonstrated that PPI increased the risk of bacterial infection in patients with cirrhosis[22, 23]. A previous
prospective study has revealed that the incidence of hepatic encephalopathy was higher (64% vs. 25%)
and the overall survival rate was lower (41% vs. 81%) in patients with cirrhosis who received PPI
treatment [24].

Although a retrospective study of 505 patients showed that the incidence of post-EVL bleeding was lower
in the PPI group than in the non-PPI group (0.84% [3/359] vs. 7.53% [11/146])[12], a retrospective, non-
randomized study may be associated with a high risk of bias. In another small scale (N = 16)
retrospective study by Jang et al., cirrhotic patients with variceal bleeding who received PPI trestment
were shown to have longer bleeding intervals and fewer bleeding events after endoscopic therapy[13];
however, these �ndings were not observed in our study. A previously reported randomized controlled trial
revealed that PPI treatment reduced the risk of treatment failure (bleeding or serious complications) after
EVL[21], but the rates of bleeding and serious complications were not analyzed separately and the sample
size was small (n = 43).

There are several possible explanations for why PPI may not reduce the incidence of variceal bleeding in
patients with cirrhosis after endoscopic therapy. First, as mentioned previously, there are signi�cant
differences in the pathology and location of GEVs and nonvariceal upper gastrointestinal bleeding. Key
management strategies for GEVs are to stop the bleeding by endoscopic intervention and reduce portal
pressure using medication. Second, the ulcers caused by EVL were iatrogenic, which are highly self-
limiting; accordingly, acid suppression treatment may be unnecessary. In addition, GEVs were not an
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indication in the prescription of PPI. Unnecessary administration of PPI may cause an additional
economic burden for these patients.

What should be noticed is that the rate of variceal bleeding in this study was lower than expected [12, 21].
There are several possible reasons to explain this low bleeding rate: �rst, all variceal bleeding events in
this study were observed after endoscopic therapy which could reduce the occurrence of variceal
bleeding. Furthermore, patients with extremely poor liver function usually received pharmacotherapy
before endoscopic therapy to improve liver function and decrease the failure risk of endoscopic therapy.

In addition, the average hospitalization expense of patients in the PPI group was higher than that of
patients in the non-PPI group. This may have resulted from the following reasons. First, patients in the
PPI group received more PPI treatments during 14 days compared with patients in the non-PPI group
(including oral administration after discharge). Second, the length of hospitalization of patients in the PPI
group was longer as shown in Table 2, which might be associated with adverse events in several patients
in the PPI group. In the PPI group, fever, weakness, and weight loss was observed in three patients,
whereas similar symptoms were not observed in any of the patients in the non-PPI group. Although
differences were not statistically signi�cant, it may have resuled from the low incidence of those adverse
events and the small sample size in this study. Nonetheless, in previous studies, it was shown that PPI
treatment was related to adverse events and poor prognosis of patients with cirrhosis [25, 26]. In a
retrospective study by Li et al., it was demonstrated that PPI was associated with an increased risk of
bacterial infections and hepatic decompensation in 11526 patients with hepatitis C virus infection [27].
Although these effects are not entirely clear, clinicians should avoid the abuse of PPI, especially for
patients with cirrhosis.

This study has several limitations. First, this study was not blinded to patients, which may cause bias.
Second, the use of prophylactic antibiotics was not standardized in the two groups. Although the types of
antibiotics were not identical, no signi�cant differences were observed between the two groups with
regard to the total number of patients treated with antibiotics. Lastly, this prospective randomized
controlled trial was a single-center study with a small sample size. In the future, more large-scale
randomized controlled trials should be conducted to con�rm these �ndings in different regions and
populations.

Conclusion
The results of this study suggest that PPI does not reduce the occurrence of variceal bleeding and
adverse events in patients with cirrhosis after endoscopic therapy. In addition, the average hospitalization
expense of the PPI group was higher than that of the non-PPI group.
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Figure 1

A. Endoscopic tissue adhesive; B. Endoscopic variceal ligation

Figure 2

Patients �ow diagram GERD: Gastroesophageal re�ux diseases; HCC: Hepatocellular carcinoma
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Figure 3

Absence of bleeding rate in the PPI group and the non-PPI group


